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UHPRYDO RI &2 IURP QDWXUDO JDV DQG +  +RZHYHU  DONDQRODPLQH VROXWLRQV DUH SURQH WR R[LGDWLYH GHJUDGDWLRQ DW KLJK
WHPSHUDWXUH7KHPDLQDGYDQWDJHVRISRWDVVLXPFDUERQDWHVROXWLRQIRU&2UHPRYDODUHWKHKLJKFKHPLFDOVROXELOLW\RI&2 LQ
WKH FDUERQDWH ELFDUERQDWH V\VWHP ORZ VROYHQW FRVWV DQG WKH ORZ HQHUJ\ UHTXLUHPHQW IRU VROYHQW UHJHQHUDWLRQ 7KH PDMRU
FKDOOHQJHFRQFHUQLQJDEVRUSWLRQRI&2LQWRDTXHRXVVROXWLRQVRISRWDVVLXPFDUERQDWHLVDUHODWLYHO\VORZUDWHRIUHDFWLRQLQWKH
OLTXLGSKDVHFDXVLQJORZPDVVWUDQVIHUUDWHV,WLVRIWHQDGYDQWDJHRXVWRDGGDSURPRWHUWRLQFUHDVHWKHDEVRUSWLRQUDWH:KLOH





DFLGDWWR R&7KHRYHUDOOSVHXGR ILUVWRUGHUUHDFWLRQUDWHFRQVWDQWVZHUHGHWHUPLQHGIUR P WKHNLQHWLFPHDVXUHPHQWV7KH
DGGLWLRQRIVPDOODPRXQWVRIERULFDFLGWRSRWDVVLXPFDUERQDWHUHVXOWHGLQDVLJQLILFDQWHQKDQFHPHQWRI&2DEVRUSWLRQUDWHV 
(OVHYLHU/WG $OOULJKWVUHVHUYHG 




OLNHO\ RSWLRQV IRU VHSDUDWLRQ DQG FDSWXUH RI &2 IURP WKH IOXH JDVHV RI ODUJH FRPEXVWLRQ SODQWV LQFOXGH FKHPLFDO 
DEVRUSWLRQSK\VLFDODQGFKHPLFDODGVRUSWLRQDQGJDV VHSDUDWLRQPHPEUDQHV
0DQ\ VROYHQWV KDYH EHHQ DSSOLHG WR JDV WUHDWLQJ EXW WKH PRVW HIIHFWLYH VROYHQWV DUH JHQHUDOO\ FRQVLGHUHG WREH
DTXHRXV DONDQRODPLQHVRUKRWSRWDVVLXPFDUERQDWH VROYHQWV 3ULPDU\DQGVHFRQGDU\DPLQHVUHDFWZLWK&2WRIRUP
DPLQH FDUEDPDWHV $TXHRXV SULPDU\ DPLQHV VXFK DV PRQRHWKDQRODPLQH KDYH EHHQ VKRZQ WR KDYH IDVW UHDFWLRQ
UDWHV  >@ 7KH FRPPRQO\ XVHG VHFRQGDU\ DPLQHV VXFK DV GLHWKDQRODPLQH KDYH EHHQ VKRZQ WR KDYH VRPHZKDW
VORZHU UHDFWLRQ UDWHV WKDQSULPDU\ DPLQHV3UHYLRXV LQYHVWLJDWRUVKDYH H[SORUHG WKH VROXELOLW\ DQG UHDFWLRQ UDWHRI
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&2 LQ DTXHRXV SRWDVVLXP FDUERQDW H > @ $ONDQRODPLQHV KDYH DQ DGYDQWDJH RYHU WKH KRW SRWDVVLXP FDUERQDWH
SURFHVVLQWKDWWKHDEVRUSWLRQUDWHRI &2E\DPLQHVLVIDVWKRZHYHUWKHKHDWRIDEVRUSWLRQLVDOVRKLJK,QFRQWUDVW 
DEVRUSWLRQ LQWR SRWDVVLXP FDUERQDWH KDV D KHDW RI DEVRUSWLRQ VLPLODU WR SK\VLFDO  VROYHQWV EXW LV OLPLWHG E\ VORZ
DEVRUSWLRQUDWHV 7KHFXUUHQWVWDWHRIWKHDUW WHFKQRORJ\ IRU &2UHPRYDOIURPIOXHJDV HVLVJHQHUDOO\FRQVLGHUHGWR
EHDZW 0DTXHRXVVROXWLRQRI PRQRHWKDQRODPLQH 0($0($KDVD KLJKFDSDFLW\ IRU&2 DQG KLJK UDWH
RI DEVRUSWLRQ EXW LWV SHUIRUPDQFH LV OLPLWHG E\ VHYHUDO IDFWRUV LQFOXGLQJ D KLJK KHDW RI DEVRUSWLRQ  R[LGDWLYH
GHJUDGDWLRQ DW KLJK WHPSHUDWXUH DQG FRUURVLRQ LVVXHV  ,Q SDUWLFXODU  DTXHRXV SRWDVVLXP FDUERQDWH VROXWLRQV DUH
FRPPRQO\ XVHG LQ KRW FDUERQDWH SURFHVVHV IRU EXON&2UHPRYDOEHFDXVHRI WKHLU ORZFRVWODUJH FDSDFLW\HDVHRI




E\(OOLV>@ ZKRFRPSDUHGKLVUHVXOWVZLWKWKHRUHWLFDOSUHGLFWLRQV'DQFNZHUWVDQG0F1HLO >@GHVFULEHG WKH HIIHFWV
RIDK\GUDWLRQFDWDO\VWVRGLXPDUVHQLWHRQ&2DEVRUSWLRQLQPL[HGDPLQHSRWDVKVROXWLRQV,QERWKLQYHVWLJDWLRQV
WKH VROXWLRQV FRQWDLQHG UHODWLYHO\ KLJK FRQFHQWUDWLRQV RI DPLQH ! 0  DQG IURP D SUDFWLFDO SRLQW RI YLHZ VXFK
VROXWLRQV FRXOG QRW EH XVHG FRQYHQLHQWO\ LQ FRQYHQWLRQDO FDUERQDWH SURFHVVHV 5REHUWVDQG'DQFNZHUWV >@ZRUNHG
RQWKHDEVRUSWLRQRI&2  LQ D VROXWLRQ FRQWDLQLQJ SRWDVVLXP FDUERQDWH DQG SRWDVVLXP DUVHQLWH ,Q WKH DEVHQFH RI
DUVHQLWH WKH &2 UHDFWV SUHGRPLQDQWO\ ZLWK WKH K\GUR[\O LRQV SUHVHQW ZKLFK DUH LQ ORZ FRQFHQWUDWLRQ HJ  J
OLWUH LQFDUERQDWHELFDUERQDW HPL[WXUHVVRWKDWWKHUHDFWLRQLVUHODWLYHO\VORZDOWKRXJKIDVWHUWKDQWKHUHDFWLRQZLWK
ZDWHU 7KH DUVHQLWH LRQV FDWDO\VH WKH ODWWHU DQG WKXV DFFHOHUDWH WKH UHDFWLRQ RI &2  DQG KHQFH WKH SURFHVVHV RI
DEVRUSWLRQDQGGHVRUSWLRQ7KHLQFUHDVHLQUDWH LVSURSRUWLRQDO WRWKHFRQFHQWUDWLRQRIDUVHQLFDGGHG 7KHDGGLWLRQRI
0DUVHQLFDERXWSHUFHQWE\ZHLJKW$V2 WRDQHTXLPRODO&2 +&2PL[WXUHLQFUHDVHVWKHUDWHRIUHDFWLRQ
RI&2 IURP DERXW  WR DERXW  VHF DW&  6KDUPDDQG'DQFNZHUWV >@ WHVWHG WKH DEVRUSWLRQ RI FDUERQ
GLR[LGH LQWR FDUERQDWHEXIIHUZLWK DUVHQLWH IRUPDOGHK\GH DQGK\SRFKORULWH DV FDWDO\VW7KH\KDG IRXQG WKDW DQLRQV
ZKLFKKDYHDQHJDWLYHO\FKDUJHG  R[\JHQDWRPDQGDW OHDVWRQHK\GUR[\OJURXS DWWDFKHG WR WKHVDPHFHQWUDODWRP
DQG LQ ZKLFK WKH QHJDWLYH FKDUJH LV QRW GHORFDOL]HG E\ UHVRQDQFH  HIIHFWV IRUP D VLQJOH JURXS ZKLFK REH\V WKH 
%URQVWHGUHODWLRQVKLS 

6KDUPDDQG'DQFNZHUWV >@  DOVR VWXGLHG WKH HIIHFW RI FDWDO\WLF SURPRWHUV IRU WKH DEVRUSWLRQ RI &2 LQSRWDVVLXP
FDUERQDWHVROXWLRQ7KH\VHOHFWHGGLIIHUHQWDQLRQVRIWHOOXULFDFLGJHUPDQLFDFLGDUVHQLRXVDFLGVLOLFLFDFLGFKORUDO
K\GUDWHFKORUDODOFRKRODWHK\GUDWHVRIEXW\OFKORUDOJO\R[DOIRUPDOGHK\GHDFHWDOGHK\GHGLDFHWDODVFDWDO\VW7KH\
KDG DOVR WHVWHG WULFKORURHWKDQRO WULIORXURHWKDQRO K\GURJHQ SHUR[LGH VRPH VXJDUV DQG VXOSKXURXV VHOHQRXV
WHOOXURXVSKRVSKRULFDQGSKHQ\ODUVHQLFDFLGVDQGSKHQRO 

&XOOLQDQHDQG5RFKHOOH>@ ZRUNHG RQ DEVRUSWLRQ RI FDUERQ GLR[LGHZLWK DTXHRXV SRWDVVLXP FDUERQDWH SURPRW HG
E\SLSHUD]LQH7KH\XVHG ZWRI.&2DQG0SLSHUD]LQHLQWKHWHPSHUDWXUHUDQJHR&7KHDGGLWLRQ
RI P SLSHUD]LQH WR D  ZW SRWDVVLXP FDUERQDWH V\VWHP GHFUHDVHV WKH &2 HTXLOLEULXP SDUWLDO SUHVVXUH E\
DSSUR[LPDWHO\DW LQWHUPHGLDW H&2 ORDGLQJ7KHDGGLWLRQRI P SLSHUD]LQH WR ZW SRWDVVLXP FDUERQDWH
LQFUHDVHVWKHUDWHRI&2DEVRUSWLRQE\DQRUGHURIPDJQLWXGHDWR&7KHUDWHRI&2DEVRUSWLRQLQWKHSURPRWHG
VROXWLRQFRPSDUHV IDYRXUDEO\WRWKDWRI 00($ 

(LFNPH\HU >@ UHSRUWHG DQ LPSURYHG FDWDO\]HG SURFHVV IRU WKH UHPRYDO RI &2  IURP JDV PL[WXUHV XVLQJ D
VROXWLRQFRQWDLQLQJE\ZHLJKWRISRWDVVLXPFDUERQDWHLQZKLFKWKHDEVRUSWLRQHIILFLHQF\LVHQKDQFHGE\WKH
DGGLWLRQRIVRGLXPRUSRWDVVLXPYDQDGDWH DQGVRGLXPRUSRWDVVLXPERUDWH 7KLVDXWKRU  IRXQGWKDWXVHRIWKHDERYH
GHVFULEHGFDWDO\VWVSHUPLWVVLJQLILFDQWUHGXFWLRQVLQVROXWLRQFLUFXODWLRQUDWHVXSWRZKLFKOHDGVWRHTXLSPHQW
DQGXWLOLW\HFRQRPLHV +RZHYHUKHGLGQRWHODERUDWH RQWKHHIIHFWRIERUDWHRQHQKDQFHPHQWRI&2DEVRUSWLRQ UDWH
LQWRSRWDVVLXPFDUERQDWHVROXWLRQ (LFNPH\HU >@DOVRUHSRUWHGWKHUHPRYDORI&2DQG+ 6IURPJDVHRXVPL[WXUHV
XVLQJ SRWDVVLXP FDUERQDWH DQG SRWDVVLXP ERUDWH $PLQH ERUDWHV ZHUH DOVR XVHG DV FDWDO\VWV 7KH XVH RIVRPH
LQRUJDQLFDGGLWLYHV VXFKDVDUVHQLRXVDQK\GULGH $V 2DQGVHOHQLRXVDQGWHOOXURXVDFLGDVVROXWLRQDFWLYDWRUDUH
PHQWLRQHG

)LHOG >@ GHVFULEHG WKH XVH RI DQ DTXHRXV VFUXEELQJ VROXWLRQ IRU WKH VHSDUDWLRQ RI &2 IURP JDV PL[WXUHV
FRQWDLQLQJ S RWDVVLXP FDUERQDWH LQ SUHVHQFH RI D VRGLXP RU SRWDVVLXP ERUDWH DQG D VRGLXP RU SRWDVVLXP VDOW RI D
YDQDGLXPR[\DFLG  7KH VROXWLRQ LV UHVLVWDQW WR R[LGDWLYH GHJUDGDWLRQ LQ WKH SUHVHQFH RI R[\JHQFRQWDLQLQJ JDVHV 
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1R UDWHGDWDRI&2DEVRUSWLRQ  ZDV UHSRUWHG  ,PDGD HW DO >@ UHSRUWHG WKH DEVRUSWLRQ RI &2 LQ OLWKLXPVLOLFDWH




)URP WKH DERYH GLVFXVVLRQ LW LV HYLGHQW WKDW GLIIHUHQW FRPSRXQGV VRPH DONDQRODPLQHV DV ZHOO DV VRPH LQRUJDQLF
FRPSRXQGV KDYH EHHQ XVHG WR HQKDQFH WKH UDWH RI &2 DEVRUSWLRQ LQWR DTX HRXV SRWDVVLXP FDUERQDWH VROXWLRQ







7KH JDV ILOP PDVV WUDQVIHU FRHIILFLHQW NJ LQ D ZHWWHG  ZDOO FROXPQ ZDV  GHWHUPLQHG E\ %LVKQRL >@ XVLQJ 62
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6K =           
ZKHUH7LVWKHWHPSHUDWXUHDQG5LVWKHJDVFRQVWDQW 

7KHIOX[RI&2FDQEHFKDUDFWHUL]HGE\WKHRYHUDOOJDVSKDVHPDVVWUDQ VIHU FRHIILFLHQW 
   &2E&2*&2 33.1 −=         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7KHHTXLOLEULXPSDUWLDOSUHVVXUH3&2FDQEH IRXQGLQ.RKODQG5LHVHQIHOG >@

$QH[SUHVVLRQ IRUWKHOLTXLGILOPUHVLVWDQFHZKLFKLQFOXGHVWKHNLQHWLFVRI&2 DEVRUSWLRQFDQEHZULWWHQDV 
   &2L&2J&2 33N1 −=         
ZKHUHN JLVDQRUPDOL]HGIOX[DPDVVWUDQVIHUFRHIILFLHQWIRUWKHSDUWLDOSUHVVXUH GULYLQJIRUFHDFURVV WKH OLTXLG ILOP
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)RU&2DEVRUSWLRQE\DPLQHVRU FDUERQDWH FKHPLFDO UHDFWLRQ HIIHFWV W\SLFDOO\GRPLQDWH WKH SK\VLFDO PDVV WUDQVIHU





$ZHWWHGZDOOFROXPQ ::&VKRZQ LQ)LJXUHZDVXVHGIRU&2DEVRUSWLRQUDWHH[SHU LPHQWVLQWKLVZRUN7KH
ZHWWHG ZDOOFROXPQFRQVLVWVRID VWDLQOHVVVWHHO WXEHZLWKDFPRXWHUGLDPHWHU7KH OHQJWKRI WKH WXEHFDQEH
DGMXVWHGDVLWZDVH[WHQGHGIURPWKHOLTXLGIHHGOLQHLQWRWKHFROXPQKRXVLQJ7KH WRWDO FRQWDFW DUHDLV FDOFXO DWHG DV
WKHORQJLWXGLQDODUHDRIWKHWXEH DQGWKHDUHDRIWKHWRSRI WKHFROXPQFRQVLGHUHGDKHPLVSKHUHGXHWRWKHVKDSHRI
OLTXLGIL OP7KH  FROXPQLV KRXVHG LQVLGH D JODVV F\OLQGHUZLWK DQ LQVLGH GLDPHWHU RI  FP  WR SURYLGH WKH JDV 
OLTXLGFRQWDFWFKDPEHU7KHJDVSKDVH K\GUDXOLF GLDPHWHU RXWHU GLDPHWHUPLQXVLQQHUGLDPHWHURIWKHHQFORVXUHLV





7KHOLTXLGVROXWLRQ LVFRQWDLQHG LQD UHVHUYRLUZLWKD WRWDOYROXPHRI /7KHIOXLGLVSXVKHGIURPWKHUHVHUYRLU WR
WKHZHWWHG ZDOOFROXPQE\DJHDUSXPSWKURXJKDFRLOVXEPHUJHGLQDKHDWHGFLUFXODWRU7KHIOXLG IORZVXSWKURXJK
WKHPLGGOHRI WKHFROXPQ  RYHUIORZV DW WKH WRS DQG LV HY HQO\ GLVWULEXWHG RQ WKH RXWHU VXUIDFH RI WKH FROXPQ 7KH
OLTXLGFRQWLQXRXVO\IORZV IURPWKHERWWRPRIWKHFROXPQWRWKHVROXWLRQ UHVHUYRLU $ OLTXLG URWDPHWHU LQGLFDWHVWKH
YROXPHWULFIORZUDWHRIWKHOLTXLG *DVHQWHUVQHDUWKHEDVHRIWKHFROXPQFRXQWHUFXUUHQWO\FRQWDFWLQJ WKH IOXLGDV LW
IORZVXS WRWKHJDVRXWOHW 

1LWURJHQDQG&2 DUH FRQWDLQHG LQ F\OLQGHUV DQG WKH IORZUDWH LV JRYHUQHGE\  $DOERUJPDVV IORZ FRQWUROOHUV 7KH
PHWHUHG JDVHV DUHPL[HG DQG VDWXUDWHG ZLWK ZDWHU DW WKH RSHUDWLQJ WHPSHUDWXUH R I WKH FROXPQ LQ D VHDOHG YHVVHO
LPPHUVHG LQ D KHDW EDWK $IWHU VDWXUDWLRQ WKH JDV LV LQWURGXFHG WR WKH ERWWRPRI WKH FROXPQ DQG IORZV FRXQWHU 
FXUUHQWO\SDVWWKHOLTXLGILOP7KHJDV  H[LWVWKHW RSRIWKHFROXPQ DQG LVURXWHGWRDFRQGHQVHUEHIRUHYHQWLQJ7KLV
DOORZV D GU\ VDPSOH WR EH WDNHQ IRU &2 DQDO\VLV XVLQJ D 9DULDQ *DV &KURPDWRJUDSK   7KH ZHWWHG ZDOO FROXPQ
KHLJKW XVHG IRU DOO H[SHULPHQWV ZDV  FP *DV IORZ UDWH ZDVPDLQWDLQHG DW  OLWUHV SHU PLQXWH  VR WKDW WKH JDV
SKDVHUHVLVWDQFH LVYHU\KLJK 

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,QWKLVZRUNDGGLWLRQRIERULFDFLG LQWR DTXHRXV SRWDVVLXP FDUERQDWHVROXWLRQLQFUHDVHVWKH UDWHRIFDUERQGLR[LGH
DEVRUSWLRQ7KHH IIHFWRIERULFDFLGDGGLWLRQLQWRDTXHRXVSRWDVVLXPFDUERQDWHWRUDWHR I&2DEVRUSWLRQ LVVKRZQ LQ
)LJXUH  ,W FDQ EH VHHQ IURP )LJXUH  WKDW WKH QRUPDOL]HG IOX[ KDV EHHQ LQFUHDVHG IURP [    WR  [  
JPROHFP V3DDVWKHERULFDFLGFRQFHQWUDWLRQLQFUHDVHVIURPWRZWLQZWSRWDVVLXP FDUERQDWH VROXWLRQ
DW R&
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%RWK UHDFWLRQV  DQG  DUH VORZ DQG UDWH GHWHUPLQLQJ WKH IRUPHU EHLQJPXFK VORZHU WKDQ WKH ODWHU >@ 7KH
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